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ABSTRACT: As part of a study of Redwood National Park in [north-

western California, an- investigation ‘was conducted from June to

Novembet 1974 on intragravel dissolved oxygen and sediment 1ﬁ three
- tributaries to Redwood Creek, a major coastal stream that flows lhrough
National Park. Of concern was whether! .the intragravel en-
. vironment{ of streams in logged and unlogged redwood-forested drainage’
basms wat different. The tributary in the unlogged drainage basin hnd:
‘lower pefcentages of fine streambed sediment than either d&f the
mbutnrie{ in logged drainage basins. Concentration and percentage
saturanon of dissolved oxygen of intragravel watér were highest in the
stream in 1the unlogged drainage basin, intermediate in-the stream in
the pa!ch ut drainage basin, and lowest in the stream in the clehr-cut
drainage [Hasin.- The differences in intragravel. dissolved-oxygen condi-
tions among the three tributaries are attributed chiefly to differences in
their interchange of surface and intragravel water. The larger quantities
‘of, fine stkambed sediment in thc®two streams in logged basms may
have redyted the' permeability of the streambeds and hence their ! caps
city to m(;rchange surface and intragravel water. However, differences
in the hﬁ1 logy of the three tributary drainage basins examined may

{

served among the streams, even in the absence of logging.
(KEY: TEﬁMS dissolved oxygen; water quality; California; Redwood
National Pa’rk Redwood Creek.)
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INTRODUCTION - . |

The ec snomy of the North Coast region of California de-
pends largely upon its forest' ptoducls and ﬁshery industries.
Much! of ‘the - fishery is composed of anadromous salmonids.,
‘that’ use, the tegion’s rivers and -tributaries for spawning and
rearing grqunds. The California State Water Resources Control
Board (19]3) reported that in some instances fishery resources
had been damaged by sedimentation of salmonid spawnjing
grounds résulting fromrincreased erosion due ito logging and
) Many researchers bqﬁleve that the deposition of fine s’edj \
‘ment over stgeam gravels may slow the exchange of oxygen 1be- g
‘tween tf\e intragravel water and the overlying stream water
‘causing intragravel dnssolved-oxygen concentmtlons to fall be-
law tolerabile limits for salmonids. ,

Sherida (1962) and Vaux (]962) found that ‘the DO( is-
solved oxypen) concenjration in. mtragravel water is in p'art
dependent on mtercha\;ge with surface’ water Vaux (19352

( ,
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’Hydmlo st, us Geolggical Survey, Helena, Montana 59601.

* " THREE TRIBUTARIES TO REDWOOD CREEK, |
' HUMBOLDT COUNTY,CALIFORNIAY |

_ Paul F. Woods® -

. of flowresult in an upwellin

" in the DO concentrauon ofmtragravel water. |

. mortality, and re

»
’ ’Paper No. 79034 of th{ Warer Resource.r Bullelm 'Dnscusnons are open until October I 1980. I
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1968) studied the intgrch;u process and found it is affected
primarily by three streambed characteristics:

streambed surface ?i tl!mg ‘of water into the streambed
occurs where perm ab lht)l or the thickness of permeable
materials increasés in the direction of flow." Decreases in pet-
lg ut of the slreambed Upwelling

I
occurs in streambed areas

downwelling occurs in convex profiles. Research has shown
that interchange lof surfaceJa d intragravel water is impeded
by a reduction of streambed| permeability resullmg from in-
creases of fine sediment in {h streambed (McNeil and Ahnell,
1964; Cooper, ]'965) RedJctnons in water interchange are

meability and thitkness of pe}r)neable materials i m the direction

cited by Vaux (1962 1968) a$ partly responsible for decreases' '

Reductions in interchangé and intragravel DOconcentrallon

have particular significance to| the reproductive success of sal-

monid fish. Salniomd fish éx‘mvate depressions in the stream.
bed where they deposnt their] eggs. Developmem of the eggs
occurs within the streambed and the alevins (]uvemles) migrate
to the surface wa‘tcr. The de\)elopmg eges and alevins depend
on sufficient |nterchange of \%valter 10 supply them with DOand
‘remove their metabolic waste:;;
and ‘alevins. Under laboral'o conditions, Shumway, et al.
(1964); determiried that redficti tigns in mtragravellbo concen-
tration results mldelayed egg‘hlnchmg, increased egg and alevin
duced size of alevins of steelheadhout(Salmo
gairdneri) and Cdho salmon Ohcorhynchut Iasulch)

This study vJas desngned'i
logged drainage basms had er percentages of fine stream-
bed sediment aﬂd lower mtragravel DO, concentrations than

.did a stream in a nearby unlogged drainage basm.{ From June

10 November 1974, DO concentrations of surfacé and intra-
gravel water and: the percentage of fine streambed sediment
were measured in three tributaties of Redwood Creek, a major
coastal stream howmg thr'ough Redwood National Park
(Flgure 1). High (ixscharges prL,vented samplmgm the wmter

ipermeability; -
thickness of permeable mnénals and configuration: of the -

ith a concave proﬁle whereas *

‘Coble (1961) found that re-.
* duced mterchang‘e of witer dan reduce the survwa] rate of eggs

" determine if'two streams in -

i
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STUDY AREA '

: The three streams sampled are in drainage basins represent-
ing different degrees of redwood timber -harvest, unjogged,
clear-cut, and patch-cut (Table 1). The drainage basin upstream

from thie Little Lost Man Creek sampling site is unlogged: The-

drainage basin upstream. from the Lost Man Creek tributary

sampling site had been clear-cut between 1964 and 1969. The |,

&~ upper half of the Panther Creek dramage ‘basin was logged be- |
. tween 1925 and :‘940 the lower [half-has had about 20 per-

écnt of its timber harvested since 1963

. The climate is l:l aracterized by dry summers and wet win- .
At three weather stations near the study areas ‘the re-
: -ported mean annual‘rainfall is 180, 153, and 146 mm. Nmety
. 'percent_of the annual rainfall occurs- betweLn October and
- April (Elford and McDonough, 1964) . I

‘_ i Jmda,etal (1975), indicated that the soilsin the Redwood .

-.md good subsurface dral age, but when surface runoff occurs

_Creck drainage basin are, in general shallow. s!ony loams arid
Zstony-clay loam§. The S.SHIS have a high infiltration capacnty

I
1;‘
b T
f

!
|

oL »4065'
ol ) . .

- (Figure 2).
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~their crosnon ha/ard [ralmg is moderalc to very high. This sus-

c.cpnbrlny to erosnon .was attributed to the fact that.their sur-
face layers are predommantly loams with little cohesion
(Alexander et al., 1959-62). <

Tt was not possrble to select streams of identical lithology.
The Lntle Lost Man Creek drainage basin (unlogged) is under-

lain by, relatively unmetamorphosed sandstone, siltstone, and -

conglor'nerate of thf upper Mesozoic Franciscan assemblage
that .naturally weathers to-coarse-grained, well-sorted stream-

- bed matenal “The mxddle and headwater parts of the tributary
to Lost Man Creek}(logged) are underlain by Pliocene coastal .

plain sedlments that may naturally yield finer materials than
those of Little Lost Man Creek, even in the absence of logging.
The Panther Creeki drainage basin (patch-cut) is underlain by
'schrstsmf the Franciscan assemblage that weather to. generalfy

clay-rich sednments that may be naturally finer than those of -

({gmle Lost Man Creék (Janda et al., 1975).
|
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-~ METHODS = .

C .
Spatial variation. in the DO concentration of intragravel *

water‘f’wasv_reported by McNeil (1962) and Ririgler (1970).

To reduce spatial variations and, therefore, the number of
samples required to obtain statistically - useful results each

site was located in a tiffle with a linear channel and smooth
streambed.| Channel gradients in the vicinity of the sites were

similar among the three 'streams. Bedrock outcroppings and -

blankets of fine sediment were avoided.

At 'the beginning and end of the study (June 15 and No-
vember 22, 1974) the percentage "of fine sediment in the
streambed ‘was determined at each sampling site. - Equipment
and procedures used to sample{streambed composition were
described by McNeil and Ahneli(1964). Streambed material

"was separated into size classes with_seven standard sieves

ranging in mesh from 26.67 to 0.104. mm. These mesh sizes
were chosen to conform to methods used’in previous intra-
gravel; research. Wet volumetric displacement was used to
determine the contribution by each mesh size to the!total
streambed core sample. Materials that passed through' the
finest mesh were settled in a graduated settling cone. Results
of streambed sampling were slightly biased because the core
sampler excluded materials larger than 152.4 mm. In accord-
ance with previous intragravel research, fine sediment is defined
here as that part of the samplc passing hrough a0 833-mm

. mesh, . |

lntr_agravel wate was sampled weekly for DO conc;ntration
and temperature from PVC (polyviny! chloride) plastic stand-

pipes placed in the streambed at the beginning of the study’
The standpipes were modifications of those -

described by Terhune (1958), Gangmark and Bakkala (1958),
and Coble; (1961). Five standpipes were randomly placed at
each sampling site. The perforated part of the standpipe was
Jocated’ 150 to 200 mm into the streambed, a_depth at which
satmonid fish normally deposit their eggs. A DO meter with,a

:~_polarographic .probe and thermister was used to measure the
DO concentrgtion and temperature of surface and intragravel

L.
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Dissolved ()\vpn in Intm;,r.xvxl \V.mr uf ””T Tributarics to Rul\mnd Creck, llmnlmldl (m nty, (Jllfmmu
. : ! ' 1 . '
. TABLE 1. thm.ll Features of the Draing ILL Arcas That InfNuence S.unphn;, Sites of the ThrcL‘ Streams.
‘ . : \ 3
i . | | Main Stream Channel
A - Degree of _‘— ! . i .
; . . Y Timber ‘' Area \ Length Skgpc Altitude (m) .
Qtr| am . Harvest (hmz) (km) - (perleent) ! | Maximum Sampling Site
. . i : » : -
Little Lost M.m Creek o Unlogged - s 216 . 2,225 3.7 . 594 . . 402
Lost Man (‘r(i.k Tnbutary . Clear cut " 508 3.383 . ’ © 487 99!
" Panther Cree * Patch cut 1,562 4.496 . 10.5 610" ’ 137
. . f ; .
) | ; ] :

<) Lo

=PVC plastic connecion

A PVC plostic cap uvied 1o weal standpipe
[ + during high.{flow conditions
(o)
SU."!CI ot STREAMDBED
- IAC vy, VIYTYTrTOWOY aR v
4} luhher tcver sealed 1o nundp-po o §
$0|mm 3 puum tlow of woter down pipe
\5} - % lwlnu . 2
. hy e 2 -0
i M | TP ‘: i)
.9"-..-,' kg 27 2
’ 3 ﬁ; v i o :’ . 1
[ = 9.6%2200 mm: marine plywood plote with
' ’ 50.mm diometer hole
§ j !
2 K==, B 1)0 mm PVC Sch 80 plonm sondpipe
o .
A

-

= evanly spoced-.holes in ahernate grooves
ollset 50 percent

. T .
3.2%32.mm grooves with 3in 1. 2.mm holes
12.4-mm spoce betweon grooves
" . ‘ 3

JT=PVC .ﬂhlil'i( cop

. Figure 2 Standpipe, Extension, and Sealing Plate Used to
;" Sample lntrngrnv_c%,DisSolved—Oxygcn Concentration.

f '_wnter Onty a mrd depth sample of surface DO’ conéentratton
“and temperature was talfen weekly at each site, because water
E depths did not exceed 160 mm. The DO meter was stand-

I 8.mm PVC Sch. 80 plostic extention pipe .

value to reduce the frects o Lalmude and water tLemperature

differences among three sampling sites.” For comparisons

among the threé‘ study streams, interchange . of surface and

intragravel water; was expressed as- a percentage using the

equation: 2 :
v v |
- . !

P=1x 100

v =

where: : B

. |
interchange percentage,
|
meari mtlragravel DO concentratlon and .

i
surface DO concentration. - ’i
]

L]

N

Nonparametnc statistical analysis was used bec'a}use the data

violated assumptlons required for parametric testmg The .

Kruskal-Wallis test (Sokal and Rohlf, 1969) and ‘2 multiple.-

comparison test (Hollander and Wolfe, 1973) were ‘used to test
for and locate srgmﬁcant drfferences in the data for the three
streams. ‘

o
’

i
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" RESULTS

Streambed ma nal in thJ_Jmle' Lost Man Cre'el‘c (u"nlogged.) o

and Panther Creék (patch sampling-site material ranged
from boulders td silt. ] Srrall- cobbles .and finer materials
dominated the streambed  material in the Lost! Man Creek
Tributary (clearcdt) sampling site. .

The percentage of fine strehmbed sedlment in Lrttle Lost
Man Creek.in June was srgmf"l;antly less than in either Lost
Man Creek Tnbutnry (p<0:01) or Panther Creek (p<0.05)
(Table 2). No sngmﬁcnnt differences were found.betwéen the
two streams in logged drainage basins in June. - In November
the. percentage of ifine streambed sediment in Little Lost Man
Creek was significantly less thanin Panther Creek (p<0.01).

The percentage|of finc strearhbed sediment in Panther Creek

s -

3

was significantly greater (p<0. él) in November than in June.

Streamflow eroded an unconsolidated ba k upstream, and this
resulted in deposrhon of aNBygr of sediment.throughout the
site. A week later the sediment layer-had been transported

downstream. Molrement of sediment bars through the sam- -

pling site at Lost Man Creék Tnbutary also was noted but (he.
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[ fl‘ABLE 2. Mean Percentngc of Strecambed Sediment Finer Than 0.833 mm.

3

Panther Creek

2
— June ‘Composition i . November Composition
. oo i ‘Standard | " Standard ‘
i b : . o - Error, Number of l Error "Number of
Samplling Site Mean of Mean Samples Mean of Mean ‘Samples
‘ £ . i i .
“Little Lost Man Creek _18.1 20| |, 10 LIS 20 - 10°
Lost Man Creek Tributary 24.7 0.5 4 K 5, . 26.2 26 . NE
23.6' 1.4 10 _ 29.8 1.2 10

o
streambed composition was nearly the same at the November
and June samplings. ‘
Throughout the study, DO was at or near saturation in the
t - surface water of the three streams! Surface. DO concentrations
sampled weekly at Little Lost Man Creek ranged from 9.1 to
: 11.4. mg/L (mean = 9.9,n =20, where n is the number of ob- '
} servations); at- l_ost Man Creek Tnbutary, from 94 to 11.4
mg/L (mean:= io. 3n= 20); and at Panther Creek, from 9.3 to *
© 12.3 mg/L ( mean = 10.8,n = 20). Panther Creek had oxygen ’
. supersaturation in its surface watey 16 of 20 times sampled and |
Lost Man Creek Tributary, 6 of 2 trmes sampled. Penphyton, i
identified as Zygnema spp., at tie es blanketed the samplmg
*.site in Panther Creek. Unidentified algae covered the stream
bed of Lost Man Creek Tributary. The sampling sites jn the
~two logged watersheds were directly exposed to the sun be- 1
cause ‘overstory vegetation had been harvested. When exposed |
‘directly to the sun, algae often produce supersaturated levels
of DO-during daylight hours (Reid, 1961).
‘ In Little Lost Man Creek the weekly mean value (calculated
' from weekly samplings of five standpipes) for intragravel DO
concentration ranged from 9.0 to 11.2 mg/L-(overall mean =
9.6, n = 96) (Figute 3), and mean percentage saturation.of DO

" ing October when the only ﬂow through the samplmg srte was
: mtragravel ' : ,
The weekly mean value for intragravel DO concenfration-in
Panther Creek ranged from 6.7 to 10.2 mg/L (overall mean =
.- 8.4, n=100) (Figure 3) and the'mean percentage saturation of
" DO of mtragravel water ranged from 71.1 to 93.2 percent
“(overall méan = 80.0, n= 100) (Figure 4). The increase in the
" .DO concentration of intragravel water during late summerj was
- unexpected. Wickett (1958) and McNeil (1962) found tht as
streamifiow declined intragravel DO declined. An explana'uon

of intragravel water ranged from 87.4 to 97.8 percent (overall |
mean = 91,7, n = 96) (Figure 4). Both concentration and per- -
centage saturation of DO of intragravel water were lowest dur- ;

“.* for the increase could be that intragravel DO concentration was

 raised by interchange with supersaturated surfact water. -
_In Lost Man. Creek Tributary thé weekly mean ‘value of in-
tragravel DO concentratron ranged.from 3.2t0'7.9 mg/L(dver-
all-mean = 6.6, n = 100) (Figure, 3), and mean percentage
saturation of DO of intrageavel water ranged from 28.7 to 76.3
(averall ‘mean = 62. .5,n=100) (Frgure 4). Intragravel DO con-
-‘mons did not vary markedly at tlus site until the last samplmg
rip on November 22. At that time, wluch ‘was after the iritial

i3

R

winter storm of Oclober 27, the' mean mtragravel DO concen-
tration had fallen to 3.2 mg/L and the mean percentage satura-
tion.of DO ofmtragravel water had fallen to.28.7. ‘A reduction
of interchange percentage between surface and rmragravcl
water may have been caused by an increase in suspended-
sedrment concentralron evidenced by increased turbidity, and
mqvement of fine bledload sediment that were observed on the

November 22 samplrng trip.

. MEAN DISSOLVED- OXYGEN CONCENTRATION tmg/L)

| =0——0—0 LITTLE LOST MAN CREEK
PANTHER CREEK i
<@ @ OST MAN CREEK TRIBUTARY

- | i 1 - | N 1
AUG " SEPT ocTt

1974

Juny © NOV

-

* Tigure 3. Weeldy Meéan Values of the Drssolved-Oxygen
Concenlrauou of Intragravel Water. ,

.

- On a weekly basis the interchange percentage in the Little "
Lost Man Creek sampling site (unlogged) was higher than those

in the two streams in the logged drainage basins. The weekly
mlerchange percentage for Little Lost Man Creek ranged from
- 94.0t0 102,5 (mean = 97.5,n = 20) Lost Man Creek Tributary
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L".igﬁc 4. Weekly-Mean Values of the Pcrccn:uyc Saturation of
Dissolved-Oxygen Concentration of Intragravel Water.

[N ' ‘. . ! . . Codes .
' The results of statistical tests used to identify significant
differences in intragravel conditions among the three streams

the two streams inlogped drain.l'ge basins. The interchange
. percentages in Little. Lost Mahi Creek also were significantly
Lo lngher than in the logged dr.nnage basins. Panther Creek had
sxgmﬁuntly higher” values for concentration and peruemage

© centage than did Lost Man Creek Tributary:

.,'
ot . «

Dissolved Oxygen in Intragravel Water of Three Tributaries td Redwood Creck,

64.1, n = 20), and Panther

1
.\(esponmble for 1}‘\e observed differences in DO concentration

: are presented ini Table 3. The intragravel water in Little Lost -
K Man Lreck had. except for one case, significantly more DO and
' higher percentage saturation of DO than intragravel vater of -

‘saturation of DO of .intragiavel, water and interchange per-.

. t TABLE 3. Comparison of Differences in Intragravel Conditions Among|{the Three Streams.

Tumboldt C'(;'unlly. California

Water in each|of the standpipes in Little Lost Man Creck \
had about the same mean and range of DO concentration dur- . |
ing the study (Table 4). In both Lost Man Creek Tributary and 1

* Panther Creek, ti\e water in one or more standpipes had a
-much lower mean and rangéL DO concentration ddring the
study thar' did water in the bther standpipes. This occurred
“even though samphng was, stratified to reduce the spatial varia-
tion of intragravel DO concentration. These results showed
that the stratifichtion of m(iralgravel sampling sites by visual
characteristics alo'ne of the stream channel was not successful
in reducmg spaual vanablhly& intragravel DO concentrations.

DI SC SION

interchange among the three streams may be

T

Differences in

and percentage satura of DO of intragravel water. A major

- controlling factor on m!erchange of water is sireambed per-
meability.” McNeil and Ahnell (1964) found an inverse’rela- ]
tion between streambed perm ablllty and the percentage of \ ..':1
streambed material finer than| 0'833 mm. ‘The percentages of  __ |
fine slréambed sédiment in [Lbst Man Creek Tributary. and '
Panther Creek wefe about 1% l}mes greater than that in Little
Lost" Man Creek |J1 June: Thei gher interchange percentage in
Little Lost Man Creek suggests a better interchange between
surface and mtragravel water than existed in Lost Man Creek
Tributary or Panther Creek ' :

- Intragravel DO concemrauor,s in the Redwood Creck tribu-
taries were sxmllar to those found by- Ringler (1970) in the
Alsea Watershed |Study in Oregon In the Alsea study.. the
mean DO conccnt,ranon of intragravel water in a stream drain-
ing a clear-cut basin was significantly less (p<0.01) than that in
a stream drammgLa patch-cut basin where 30 percent of the
timber had been h

rvested and buffer strips were retained along |
perennial stieam channels Ringler also reportéd-that the mean
percentage saturation ofmlragravcl DO was 61.8 in the stream
in the clear.cut drainage basin :md 76.7 in the stream in the
patch-cut dramage' basin. In the Alsea study the DO concen- -
tration of mtragm el water in the stream in the clear-ut drain:
age basin during loggmg averaged 4.2 mg/L. while during 1he
same penod a stieam in a nearby unlogged drainage b.\sm .
avemged 9.0 mg/Li(Hall and Lamz 1969)

- _ N

| .

oo Cow 4 ! Intragravet Conditian, Site 1 vs. Site 2

) ) ‘ ] ' o Petcentage )

- S - . DO’ * Saturation- Interchangs
.. t - Sitel % ‘ . - Site 2 Concentration | . of DO Perventage
I [

.. Lost Man Creck Tr‘ilmlur)"
.. Panther. Creek
Lost Man Creek Tributary

T N

Little-Lost Man Creek

K Lnﬂc Lost Min Creck
o l’.mlhcr (‘ru‘k U

i N l - § .

1202 .

b i):"'
I L hey TN >
1>+ ‘ Hﬁ:‘ S 1>

) *Sipnificintly dilfertnt .ﬁ p<0.01.
"¢ *Shmificamly ditferent :,‘_ p<0.08, -
***Not significanity™ditferdnt at p<e:05. C
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7 /Z, TABLE J. l)lqnlvul 0\\ LL‘II Conleentration in lndmdu |I S|.mdp||us o R
S N L, - :
. v DO Concentration (mg/L)
. ) Standard {
) ) Standpipe - Error ) i) . Number of
Sampl }\g Site Number Mean of Mean Maximum Minimum Samples
i . - . . ‘ . N .
Litile Lost Man Creek 1 9.6 0.1 R 8.9 -20
: 2 9.5, 0.1/ : 2 8.8 20
3 ¢ 9.5 0.2 11.2 8.4 20
4 9.8 S0l S 11.2 9.0 18
b 5 9.9 io01 ’ r:2 9.3 18
" Last Man Creek Tributary ol 2.7 | 0.1 ' 4.2 .7 20
' : o 2. 4.8 i - 03 7.8 1.8 20
-3 8.0 0.3 10.0 4.1 - 20
. v 4 - 8.6 p 03 CT 103 4.0 . 20
. s 8.7 - | 03 10.7i 3.6 20
Panther Creek . EI 9.3 | 03 1.5 210 ;20
' L2 8.8 04 1.4 6.1 20
; e 3 10.5 0.2 11.8 9.0y 20
. . 4 10.0 - 0.2 11.5 © 8.5 20
' 5- L33 0.3 = 5.0 1.0 ' 20

“:These intragravel DO measurements were not made during
the wintertime incubation of salmonid eggs and alevins, but
some spccul:mon is possible regarding the quality of intragravel
"water that such eggs and.alevms might encounter.- The mean
DO concentrations provide an indication of the relative quality
of -intragravel water among the_three streams, but minimum
‘DO concentrations of mtragravel water are more important
\ériveria for assessing the sutvival of salmonid eggs and alevins.
The U.S.. Environmental Protection Agency (National
Academy of Sciences ‘National Academy  of Engineering,
1973) has established Jevels of protection for DO for aquatic
-organisms, baséd on the premise that any reduction of DO be-
_low natural, seasonal levels may reduce the ability of an aquatic
"organism to meet the demands of its environment. Assuming
" 10 mg/! as a minimum DO concentration of intragravel water
" in the winter in an undisturbed stréam, such as Little Lost
Man Creek, and using the criterion formula suggested (National
- Academy of Sciences, National Academy of Engineering, 1973,
~p..134), a “high level” of protection would be provided sal-
‘monid eggs if DO concentratjons did not fall below 8.2 mg/L.

"1t is apparent from Figure 3 that mean intragravel DO toncen- . -

trations in Little Lost Man Greek weré. moving upward with the
‘approach. of Winter.: This trend would probably'céntinue be-
'eause| the stream’ water ‘DO would tise ‘as the temperature

“dropped providing a better source of DO.to the intragravel

environment. In Panther ‘Creek’the mean intragravel DO

penked in' October and moved downward through the re-.

‘mainder -of the. study. This trend may have been arrested by
lncreasmg DO. concentratlons in the stream -as winter ap-

‘proached, so that the intragravel DO did not fall below 8.2 -

-’mg/L\ -Lost Man Creek Tributary was difficult to assess be-

ausej__of the’ sudden reduction i in mtragravel DO concentration -
‘record ed on’ the last, sampling trip. - Before that trip three of-

he fiv ve standpipemwould h ve been expected to éontam suit-

ublc DO concentrations during the winter. 1t was not delcr-
mined whetlier this reduction in mrr.lgravel DO umu:n(rat

lasted throughout the winter. but such in occirence wo(xld
lessen the suitability of this stream as sbawning habitat flor
salmonids. Panther Creek also might have sudden reductipns
in intragravel DO concentrations, even lethal concentrations,

because of the movemem of sediment bars observed in that’

stream.

. age basins contained intragravel water with lower DO concen-

* trations than did intragravel ‘water in the stream'in the unlog- .
These differences in intragravel DO cpn- -

ged drainage basin.
centration are attributed to the greater ability of the streanj in
the unlogged drainage: basin to interchange surface and intra-
gravel water. The stream in the ur{logged drainage basin was
projecied 10 have higher and more spatially uniform intragravel
DO concentrations in the winter and would therefore provide
more suitable conditions for the incubation of salmonid

and alevins than would the two streams in the logged draln ge
basins.

Differences .in the lnhology of the three drainage b ins
may have contributed to the differences in the percentages of
fine sediments observed améng the streams; even in the ab-
sence ofloggmg

l

LITERATURE CITED ‘-

Alcxandcr, L., W. Colwell, J. Delapp, E. Cladish, R. Nelson, R. Skole- .

man, \and B. Smith, 1959-62. Humboldt County Soil-Vegetatjon
Survey. U.S. Forest Service, Pacific Southwest Forest and Rapge
Expenment Station, 16 maps, scale 1:31,680. - )
Brown, Eugenc. M. W. Skougstad, and M. J. Flshman 1970. Meth Lds
*for Collection and Analysis bf Water Samples for Dissolved Miner
. and G:ncs U.S: Geologitul Survey Techniques of W.net Resoury:

[

3

Investlgntions Book §, Chapter A], 160 pp.

.

(

This study showed tha! the two streams in the logged drain-

rals

i

e

He
Iy

M

Mo




e — - —— e

— ——

Dissolved Ovyypen in Intrageivel Water of Three Tributaries 1o Redwood Creek, Humboldt Connty, California -

.(‘;Iil'nrn'iu State Water Resourees ('nnlml,llu;ml: 1973, .,\' Method for

CRegufuting: Timber Hagvest -and Rodd Construction: Activity for .

2 Water Quatity Protection in Northern Calitornia, Volume 1.

Jdn Redds on the Survival ot Steelhead Trout Enliryos. Transactions
nl the Apaerican Fisheries Society 90 469-474. / '
. (nuptl ‘AL CL 1968,
" the Survival of Sov Keyeand Pink Salinon Eggs and Alevins. (Inter-
national Pacific Salmon Commission Bulletin 18, 71 pp, -

and Del Norte Counties. University af Calitornia, Agriculture Extens

- sion Service, Eureka, Calitorniu, 34 pp. N
Gangmark, H. A, and R, G. Bakkala. 1958, Plastic Standpipe for
Sumpling Streambed Environment of Salmon Species. U.S. Fishand
Wildlife Service, Special Scientitic Report - Fisheries, No. 261,

21 pp. R . : \ .
Hall, J. D. and R. L. Lantz. 1969. The effects n[x_@‘;\:hn the habitat .

“of colio salmon and cutthroat trout in coastal streums. Iz Sympo- .

© o sium on Sulmon and Trout in.Streams, H. R. MacMillan Lectures in
r Fisheries. T. G. Northeote, Fditor.  British Columbia Unlvcrmy
: V.mumvur British Colufmbia, pp.-355-375.
“Hotlander, M. and Do AL Wolle, 1973. Nnnpunmlm Statistical
Mulhnd.\'. Juhn Wiley und Sons, New York, New York, 503 pp.
Junda. R. J.. K. M. Nolan. D). R. Harden, and S, 'M. Colman, 1975.
Watershed Conditions in the Drainage Bakin of Redwood Creek,
Humboldt County, Calitornia, as of 1973, U.S. (;cqil(igicul Survey
Open-File Report 75-568, 266 pp.
MeNeil, W01, 1962, Variations in the Dmolva.d Oxygen Content of
“Antragravel Water in FFour Spawning Streams of Southeastern Alaska.
u. S-l}ﬁl and Wildlife Scrvicc.'Spccihlecicnlil‘ic Report = Fisheries,
No. 402, 15 pp.
MeNeil, W I and'W, H Ahncll 1964 Suuc« of Pink Salmon SpJ\vn
ing Relative -to Suzc of Spawning Bed Materials.  U.S. Iish and

T Cable, DeWL 1961 InTuence of Water Exchange andBivsolved (_)x‘)'pch‘

- “Reid, G. K., 1961.
The Eltect of lr.m\pnrlul Stream Sulumnl\nn

" Eford, R. Coand M. R, MeDonough, 1964 The Climate of Hunboldt .
“Sheridun, W. L., 1962.

.Ttrhunc L. D. B.. 1958. The

. \

Wildlife Service, Special Scientific Report r IFisherie
pp. . o . .

National:Academy ofi Sciences, National Academy of Fvlg{nccrlng, 1973
(1974). Water Juullly Cmcm 1972. US. Govcmmcnl Printing
Office, \Vashmglo}\ D.C., 594 pD.

Ceology of Intsnd Waters and Fs(ua es. Van N'os' :
trand Reinhold Co., New York, New York, 375 pp. - :

Ringler, N. H.,1970.| Effects of Logging of the Spawning|Bed Environ-
ment in Two Oregon (‘naslnl]Sii'cnms. Unpublished M.S. Thesis.
Oregon State Uni\}ersity. Corvallig, Orcgon, 96 pp. :

Waterflo rough a Salmon Sprmng Riffle

+ in Southcastern Alaska. US| Fish and Wildlife Setvice, Special
Scientific Report  Fisheries; No|407,20 pp.

Shumway, D, L., C. b!: Warren, and |[P. Doudoroff, 1964.! Influence of
O\ygcn Cnnccmdmon ‘and Water Movement on the Growth of
Steelhcad Trout and Coho Satmon Embryos. Transactions of'thc

. American Flshcncé Soci i

Sokal, R. R.-and F. J.[Ront§g¥ 969
Sun Francisco, Cnhformn 776 pp

a k Vi Groundwaler Slandplpc fot
.Mgasuring Secpage Through Salmon Spawning Gravel. Fisheries
Rescarch Board of Canada Journal 15(5):1027-1063.

Vaux,. W. F., 1962. lnlcrchnngc 6f ‘?lrcam and lmragxnvel Water in a
Salmon Spawning | Riffle. sh and Wildlife _Semcc. Special

Scientific Report Flshenes, No ‘405,11 pp. . i

Vaux, W. F., 1968. Intragravel Flow 6} Interchange.of Water in a
Streambed. U.S. Fish and Wildlife Service, Fisheties Iauueun 66:
479-489. L

Wickett, W. P., 1958. Review of Cen in anuonnﬁmnl Factors Afl‘ecl-
ing the Production of Pink and Chum Salmon. Fisherles Research

_ Board of Canada Jo'umal 15 1103:1126. - ;

iometry. W. H. Irecmnn and Co

l. No. 469, 15

93( )Luzsss e




